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(54) Optical information storage unit 

(57) An optical information storage unit includes a 
light source emitting a light, an objective lens imaging 
the light emitted from the light source on a recording 
medium, a servo detecting part for detecting a servo 
detection signal based on a reflected light from the 
recording medium, and a servo control part for control- 
ling an imaging position of the light on the recording 



medium based on the servo detection signal. The opti- 
cal information storage unit further includes an inclina- 
tion control part for controlling a relative inclination of 
the recording medium and the objective lens, by control- 
ling the servo control part based on the servo detection 
signal detected by the servo detecting part 
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Description 

BACKGROUND OF THE INVENTION 
1 . Held of the Invention 

[0001] The present invention generally relates to optical information storage units, and more particularly to an optical 
information storage unit which carries out a servo operation based on a reflected light from a recording medium. 
[0002] Recently, due to the improved performance of computers, it has become necessary to use storage units having 
a large storage capacity. Hard disk units and magnetooptical disk units have been considered as storage units capable 
of satisfying such demands. Optical information storage units such as the magneto-optical disk unit are considered par- 
ticularly suited for use as the storage unit of the computer, because a recording medium is removable and a large stor- 
age capacity can be realized although the size of the optical information storage unit is relatively small, thereby making 
the optical information storage unit easy to use. 

[0003] With respect to such optical information storage units, there are demands to further improve the storage capac- 
ity by further increasing the recording density of the recording medium. 

2. Description of the Related Art 

[0004] In the conventional magneto-optical disk unit, there are demands to make a beam spot of the light extremely 
small in order to further improve the recording density. For this reason, there is a tendency to increase a numerical aper- 
ture (NA) of an objective lens. However, when the NA of the objective lens becomes large, the beam spot on the record- 
ing medium is greatly deformed if the objective lens is not parallel to the recording medium due to an error introduced 
during an assembling stage of an optical head. An error of a detection signal detected from the recording medium is 
generated by such a deformation of the beam spot. Consequently, it is necessary to assemble the optical head with a 
hrgh precision, thereby increasing the number of processes, deteriorating the productivity and increasing the cost of the 
magneto-optical disk unit. 

[0005] In addition, the beam spot on the recording medium is also deformed if the recording medium becomes 
inclined with respect to the objective lens when the recording medium is inserted into a disk drive or, if the recording 
medium is tilted due to a warp of the recording medium or a recording surface deviation which is introduced as the 
recording medium is rotated by a spindle motor. In such cases where the beam spot is deformed, a read performance 
greatly deteriorates. 

[0006] As a method of detecting a relative error between the lens and the recording medium, there is a conventional 
proposed method which uses sensors at 3 points. 

[0007] Further methods of detecting the relative error between the lens and the recording medium are proposed in 
Japanese Laid-Open Patent Applications No.1-173334, No.61-48138 and No.2-14437, for example. 
[0008] However, according to the conventional proposed method which uses the sensors at the 3 points and the meth- 
ods proposed in the Japanese Laid-Open Patent Applications No.1-173334, No.61-48138 and No.2-14437, it is neces- 
sary to provide on the optical head a means for detecting the inclination or a means for. correcting the inclination. As a 
result, considerable space is occupied by such means, and the weight of the disk unit increases. Further, due to the 
increased weight, a moving speed of an actuator during a seek operation inevitably deteriorates, thereby limiting these 
methods for application on a low-speed disk unit. In addition/since the construction of the disk unit becomes complex 
due to the provision of such means, the assembling process of the disk unit becomes complex and the disk unit 
becomes expensive. 

[0009] In addition, according to the method proposed in the Japanese Laid-Open Patent Application No.61 -48138, 
the entire optical system is tilted with respect to the recording medium. For this reason, the weight of the optical head 
becomes large, thereby making the response of the optical head poor. Furthermore, the optical disk becomes large due 
to the provision of the means for tilting the entire optical system. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, it is a general object of the present invention to provide a novel and useful optical information stor- 
age unit in which the problems described above are eliminated. 

[001 1 ] Another and more specific object of the present invention is to provide an optical information storage unit which 
eliminates the problems described above, by detecting an inclination of an objective lens with respect to a recording 
medium, without providing a special detecting means, and adjusting the inclination of the objective lens with respect to 
the recording medium so that the objective lens becomes parallel to the recording medium. 

[0012] Still another object of the present invention is to provide an optical information storage unit comprising a light 
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source emitting a light an objective lens imaging the light emitted from the light source on a recording medium, a servo 
detecting means for detecting a servo detection signal based on a reflected light from the recording medium, and a 
servo control means for controlling an imaging position of the light on the recording medium based on the servo detec- 
tion signal is characterized by: an inclination control means for controlling a relative inclination of the recording medium 

5 and the objective lens, by controlling the servo control means based on the servo detection signal detected by the servo 
detecting means. According to the optical information storage unit of the present invention, a diffraction phenomenon 
occurs in the reflected light from the adjacent track on the recording medium depending on the relative inclination of the 
recording medium and the objective lens, and a signal level of the servo detection signal changes depending on this 
diffraction phenomenon. Hence, it is possible to detect the relative inclination of the recording medium and the objective 

io lens based on the servo detection signal which is detected by the servo detecting means. In other words, the relative 
inclination of the recording medium and the objective lens can be detected, without the need to provide a detecting 
means exclusively for detecting the relative inclination of the recording medium and the objective lens. In addition, when 
the relative inclination of the recording medium and the objective lens is controlled by controlling the servo control 
means, it is possible to reduce both the weight and size of the optical information storage unit as compared to a case 

is where a driving means is additionally provided exclusively for driving the optical system. 

[001 3] A further object of the present invention is to provide the optical information storage unit described above which 
is characterized in that the inclination control means controls the relative inclination of the recording medium and the 
objective lens based on the servo detection signal detected by the servo detecting means so that an amplitude of the 
servo detection signal becomes a maximum. According to the optical information storage unit of the present invention, 

20 since the servo detection signal becomes a maximum when the relative indination of the recording medium and the 
objective lens is zero, that is, when the recording medium and the objective lens are parallel to each other, it is possible 
to make the recording medium and the objective lens to become approximately parallel to each other by controlling the 
relative inclination of the recording medium and the objective lens so tat the servo detection signal becomes the maxi- 
mum. 

25 [001 4] Another object of the present invention is to provide an optical information storage unit described above which 
is characterized in that the inclination control means controls the relative inclination of the recording medium and the 
objective lens depending on a normalized amplitude of the servo detection signal detected by the servo detecting 
means. According to the optical information storage unit of the present invention, it is possible to detect the relative indi- 
nation of the recording medium and the objective lens based on the normalized amplitude of the servo detection signal, 

30 because the servo detection signal having the normalized amplitude indicates a degree of the diffraction phenomenon 
caused by the relative inclination of the recording medium and the objective lens. 

[001 5] Still another object of the present invention is to provide the optical information storage unit described above 
which is characterized in that the indination control means controls the relative inclination of the recording medium and 
the objective lens depending on a normalized jitter quantity of the recording medium by detecting and normalizing a Jrt- 

35 ter quantity of the recording medium, based on the servo detection signal detected by the servo detecting means. 
According to the optical information storage unit of the present invention, it is possible to detect the relative indination 
of the recording medium and the objective lens based on the normalized jitter quantity of the recording medium, since 
the normalized jitter quantity of the recording medium indicates a degree of the diffraction phenomenon caused by the 
relative inclination of the recording medium and the objective lens. 

40 [001 6] A further object of the present invention is to provide the optical information storage unit described above which 
is characterized in that the inclination control means controls a focus direction of the objective lens, a direction of a track 
formed on the recording medium, and an inclination of the recording medium in a radial direction of the recording 
medium, based on the servo detection signal detected by the servo detecting means. According to the optical informa- 
tion storage unit of the present invention, it is possible to control the recording medium and the objective lens to become 

45 parallel to each other, regardless of the direction of the relative inclination of the recording medium and the objective 
lens, because the inclination of the objective lens in all directions can be controlled by controlling the focus direction of 
the objective lens, the direction of the track formed on the recording medium and the inclination of the recording medium 
in the radial direction thereof, based on the servo detection signal. 

[001 7] Another object of the present invention is to provide the optical information storage unit described above which 
so is characterized in that: the servo control means includes a plurality of driving means for driving ends of the objective 
lens in a direction of the recording medium, and the inclination control means controls the relative inclination of the 
recording medium and the objective lens by independently driving the plurality of driving means. According to the opti- 
cal information storage unit of the present invention, it is possible to independently move the ends of the objective lens 
in the direction of the recording medium, by independently controlling the plurality of driving means which form the 
55 servo control means. For this reason, the relative inclination of the recording medium and the objective lens can be con- 
trolled by tilting the objective lens. 

[0018] Still another object of the present invention is to provide the optical information storage unit described above 
which is characterized in that the indination control means controls the relative inclination of the recording medium and 
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the objective lens by controlling an inclination of the objective lens. According to the optical information storage unit of 
the present invention, it is possible to control the relative inclination of the recording medium and the objective lens by 
controlling the inclination of the objective lens with respect to the recording medium. 

[0019] A further object of the present invention is to provide an optical information storage unit comprising a light 
source emitting a light, an objective lens imaging the light emitted from the light source on a recording medium, a servo 
detecting means for detecting a servo detection signal based on a reflected light from the recording medium, a servo 
control means for controlling an imaging position of the light on the recording medium based on the servo detection sig- 
nal, and a rotating means for rotating the recording medium, is characterized by: an inclination control means for con- 
trolling a relative inclination of the recording medium and the objective lens, by controlling an inclination of the rotating 
means based on the servo detection signal detected by the servo detecting means. According to the optical information 
storage unit of the present invention, it is possible to control the relative inclination of the recording medium and the 
objective lens by controlling the inclination of the recording medium. Hence, the weight and size of the optical informa- 
tion storage unit can be reduced, since it is unnecessary to additionally provide a driving means exclusively for driving 
the optical system. 

[0020] Another object of the present invention is to provide the optical information storage unit described above which 
is characterized in that the inclination control means controls the relative inclination of the recording medium and the 
objective lens based on the servo detection signal detected by the servo detecting means so that an amplitude of the 
servo detection signal becomes a maximum. According to the optical information storage unit of the present invention, 
since the servo detection signal becomes a maximum when the relative inclination of the recording medium and the 
objective lens is zero, that is, when the recording medium and the objective lens are parallel to each other, it is possible 
to make the recording medium and the objective lens to become approximately parallel to each other by controlling the 
relative inclination of the recording medium and the objective lens so tat the servo detection signal becomes the maxi- 
mum. 

[0021] Still another object of the present invention is to provide the optical information storage unit described above 
which is characterized in that the inclination control means controls the relative inclination of the recording medium and 
the objective lens depending on a normalized amplitude of the servo detection signal detected by the servo detecting 
means. According to the optical information storage unit of the present invention, it is possible to detect the relative incli- 
nation of the recording medium and the objective lens based on the normalized amplitude of the servo detection signal, 
because the servo detection signal having the normalized amplitude indicates a degree of the diffraction phenomenon 
caused by the relative inclination of the recording medium and the objective lens. 

[0022] A further object of the present invention is to provide the optical information storage unit described above which 
is characterized in that the inclination control means controls the relative inclination of the recording medium and the 
objective lens depending on a normalized jitter quantity of the recording medium by detecting and normalizing a jitter 
quantity of the recording medium, based on the servo detection signal detected by the servo detecting means. Accord- 
ing to the optical information storage unit of the present invention, it is possible to detect the relative inclination of the 
recording medium and the objective lens based on the normalized jitter quantity of the recording medium, since the nor- 
malized jitter quantity of the recording medium indicates a degree of the diffraction phenomenon caused by the relative 
inclination of the recording medium and the objective lens. 

[0023] Another object of the present invention is to provide the optical information storage unit described above which 
is characterized in that the inclination control means controls a focus direction of the objective lens, a direction of a track 
formed on the recording medium, and an inclination of the recording medium in a radial direction of the recording 
medium, based on the servo detection signal detected by the servo detecting means. According to the optical informa- 
tion storage unit of the present invention, it is possible to control the recording medium and the objective lens to become 
parallel to each other, regardless of the direction of the relative inclination of the recording medium and the objective 
lens, because the inclination of the objective lens in all directions can be controlled by controlling the focus direction of 
the objective lens, the direction of the track formed on the recording medium and the inclination of the recording medium 
in the radial direction thereof, based on the servo detection signal. 

[0024] Other objects and further features of the present invention will be apparent from the following detailed descrip- 
tion when read in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] 

FIG. 1 is a system block diagram showing a first embodiment of an optical information storage unit of the present 
invention; 

FIG. 2 is a diagram showing the general construction of the first embodiment of the optical information storage unit; 
FIG. 3 is a cross sectional view showing an important part of the first embodiment of the optical information storage 
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unit; 

FIG. 4 is a diagram showing an optical head of the first embodiment of the optical information storage unit; 
FIG. 5 is a diagram showing optical patterns formed on a photodetector of the first embodiment of the optical infor- 
mation storage unit; 

FIG. 6 is a diagram showing optical patterns formed on the photodetector when a laser beam is tilted in the first 
embodiment of the optical information storage unit; 

FIG. 7 is a diagram showing a title angle of an objective lens versus a tracking error signal characteristic of the first 
embodiment of the optical information storage unit; 

FIG. 8 is a plan view showing a tilt driving mechanism of the first embodiment of the optical information storage unit; 
FIG. 9 is a side view showing the tilt driving mechanism of the first embodiment of the optical information storage 
unit; 

FIG. 10 is a plan view showing an important part of the tilt driving mechanism of the first embodiment of the optical 
information storage unit: 

FIG. 1 1 is a system block diagram showing a second embodiment of the optical information storage unit according 
to the present invention; and 

FIG. 1 2 is a plan view showing a tilt driving mechanism of the second embodiment of the optical information storage 
unit. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] A description will be given of embodiments of an optical information storage unit according to the present 
invention. In the embodiments, the present invention is applied to a magneto-optical disk unit. 

[0027] FIG. 1 is a system block diagram showing a first embodiment of the optical information storage unit according 
to the present invention. 

[0028] A magneto-optical disk 2 engages with a spindle motor 3 in a state where the magneto-optical disk 2 is loaded 
into a magneto-optical disk unit 1 . The magneto-optical disk 2 is rotated by the spindle motor 3 when recording infor- 
mation on and reproducing information from the magneto-optical disk 2. 

[0029] An optical head 4 is disposed with respect to one recording surface of the magneto-optical disk 2, while a mag- 
netic head 5 is disposed with respect to the other recording surface of the magneto-optical disk 2. The optical head 4 
and the magnetic head 5 confront each other via the magneto-optical disk 2. 

[0030] At the time of the recording, a laser beam emitted from the optical head 4 irradiates and heats the magneto- 
optical disk 2. On the other hand, a magnetic field is applied on the magneto-optical disk 2 by the magnetic head 5, and 
a position on the magneto-opticaJ disk 2 irradiated by the laser beam is magnetized by the magnetic field applied from 
the magnetic head 5. At the time of the reproduction, a laser beam emitted from the optical head 4 is irradiated on the 
magneto-optical disk 2, and information recorded on the magneto-optical disk 2 is reproduced by detecting a magneti- 
zation state of the magneto-optical disk 2 depending on a reflected laser beam from the magneto-optical disk 2. 
[0031 ] FIG. 2 is a diagram showing the magneto-optical disk used in the first embodiment FIG. 3 is a cross sectional 
view of an important part of the magneto-optical disk used in the first embodiment. 

[0032] As shown in FIG. 2, a spiral track 6 is formed in advance on the magneto-optical disk 2, and information is 
recorded on this track 6 by inverting the magnetization direction. The track 6 is formed by arranging a land 7 and a 
groove 8 adjacent to each other as shown in FIG. 3. For the sake of convenience, the magneto-optical disk employs a 
land-groove recording system which records information on both the land and the groove in order to realize a large stor- 
age capacity. However, the magneto-optical disk may employ a land recording system which records the information on 
only the land, for example. 

[0033] The magneto-optical disk 2 is made by forming a magnetic thin film 10 on a disk-shaped substrate 9 having 
the land 7 and the groove 8 which are formed on the substrate 9 in a spiral manner, and forming a transparent protection 
layer 1 1 on the magnetic thin film 10. 

[0034] The laser beam output from the optical head 4 is irradiated on the land 7 when recording the information on 
the land 7 and when reproducing the information from the land 7. Similarly, the laser beam output from the optical head 
4 is irradiated on the groove 8 when recording the information on the groove 8 and when reproducing the information 
from the groove 8. 

[0035] FIG. 4 is a diagram showing the construction of the optical head of the first embodiment. 
[0036] The optical head 4 has a known construction, and emits the laser beam from a semiconductor laser 12. The 
laser beam emitted from the semiconductor laser 12 is supplied to a collimator lens 13. The collimator lens 13 converts 
the laser beam from the semiconductor laser 12 into parallel light 

[0037] The parallel laser beam from the collimator lens 13 is supplied to a beam shaping prism 14. The beam shaping 
prism 14 shapes the cross sectional shape of the parallel laser beam from the collimator lens 13 into a circular shape. 
[0038] The shaped laser beam from the beam shaping prism 14 is supplied to a polarization beam splitter 15. The 
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polarization beam splitter 15 passes a predetermined polarized light component of the shaped laser beam from the 
beam shaping prism 14. The light of the polarization angle selected by the polarization beam splitter 1 5 is supplied to 
an objective lens 1 6. 

[0039] The light supplied to the objective lens 1 6 is converged by the objective lens 1 6 and is supplied to the magneto- 
optical disk 2. The laser beam irradiated on the magneto-optical disk 2 is reflected at the land 7 and the groove 8 of the 
magneto-optical disk 2. The reflected laser beam from the magneto-optical disk 2 is supplied to the polarization beam 
splitter 15 via the objective lens 16. 

[0040] When data is recorded on the magneto-optical disk 2. the polarization angle of the reflected laser beam from 
the magneto-optical disk 2 is rotated by an angle ek due to the Kerr effect. In other words, if the component of the laser 
beam irradiated on the magneto-optical disk 2 is the p-polarized light component, the polarization angle of the reflected 
laser beam rotates by the angle ek due to the Kerr effect and a s-polarized light component is slightly generated. 
[0041] The polarization beam splitter 15 reflects the reflected laser beam from the magneto-optical disk 2 received 
via the objective lens 16. and supplies the reflected laser beam to a polarization beam splitter 17. The polarization 
beam splitter 17 reflects the reflected laser beam from the polarization beam splitter 15 in a predetermined direction, 
and also passes a predetermined polarized light component of this reflected laser beam. 

[0042] The laser beam reflected by the polarization beam splitter 1 7 is supplied to a 1 tZ wave plate 1 8. The 1 /2 wave 
plate 18 rotates the polarization of the laser beam received from the polarization beam splitter 17 by 45 degrees. 
[0043] The laser beam with the polarization rotated by 45 degrees by the 1/2 wave plate 18 is supplied to a focusing 
lens 19. 

[0044] The laser beam converged by the focusing lens 1 9 is supplied to a polarization beam splitter 20. The polariza- 
tion beam splitter 20 separates the laser beam from the focusing lens 19 depending on predetermined polarization 
angles. 

[0045] One beam separated by the polarization beam splitter 20 is supplied to a photodetector 21 , and another beam 
separated by the polarization beam splitter 20 is supplied to a photodetector 22. The photodetector 21 detects an inten- 
sity of the light supplied from the polarization beam splitter 20, and detects the information recorded on the land 7 or 
the groove 8. On the other hand, the photodetector 22 detects an intensity of the light supplied from the polarization 
beam splitter 20. and detects the information recorded on the groove 8 or the land 7. 

[0046] Accordingly, the reflected laser beam from the magneto-optical disk 2 passes through the polarization beam 
splitters 1 5 andl 17, the 1/2 wave plate 1 8 and the focusing lens 1 9, separated into the s-polarized light component and 
the p-polarized light component by the polarization beam splitter 20, and supplied to the photodetectors 21 and 22. 
Hence, s-polarized and p-polarized light component signals respectively dependent upon the s-polarized light compo- 
nent and the p-polarized light component of the reflected laser beam from the magneto-optical disk 2 are output from 
the photodetectors 21 and 22. The information recorded on the magneto-optical disk 2 is detected by obtaining a differ- 
ence between the s-polarized light component signal and the p-polarized light component signal output from the pho- 
todetectors 21 and 22. 

[0047] On the other hand, the laser beam passed through the polarization beam splitter 17 is supplied to a focusing 
lens 23. The focusing lens 23 converges the laser beam supplied from the polarization beam splitter 1 7. The focusing 
lens 23 supplies the converged laser beam to a beam splitter 24. This beam splitter 24 separates the laser beam from 
the focusing lens 23 in two directions. 

[0048] One beam separated by the beam splitter 24 is supplied to a photodetector 26 via a knrfe edge 25. The pho- 
todetector 26 is made up of a 4-part detector having 4 detector parts which output detection signals dependent upon a 
shape of the laser beam irradiated on the 4 detector parts. The 4 detection signals output from the photodetector 26 are 
supplied to a focus error operation circuit. The focus error operation circuit generates a focus error signal based on the 
4 detection signals received from the photodetector 26. 

[0049] On the other hand, another beam separated by the beam splitter 24 is supplied to a photodetector 27. The 
photodetector 27 is made up of a 2-part detector having 4 detector parts, and outputs 2 detection signals. A tracking 
error signal is generated based on the 2 detection signals output from the photodetector 27 according to the push-pull 
technique. A 0th order light irradiated on the magneto-optical disk 2 is reflected as a 0th order reflected light at the land 
7 or the groove 8 on which the 0th order light is to make the tracking. In addition, +1st and -1st order diffraction lights 
are also generated. Hence, a predetermined pattern made up of the 0th order light and the +1st and -1st order lights is 
irradiated on the photodetector 27. 

[0050] FIG. 5 is a diagram showing an optical pattern on the photodetector in this first embodiment. 
[0051] The optical pattern shown in FIG. 5 is formed on the photodetector 27. In FIG. 5, the pattern of the 0th order 
light is generated at the central part, while the patterns of the +1st and -1 st order lights are generated on both sides of 
the central part. The patterns of the +1 st and -1 st order lights are symmetrical to the right and left when the laser beam 
irradiated on the magneto-optical disk 2 scans the center of the desired land 7 or groove 8 on the magneto-optical disk 
2. However, the patterns of the +1st and -1st order lights become asymmetrical to the right and left if the scan of the 
laser beam deviates from the center of the desired land 7 or groove 8 on the magneto-optical disk 2, depending on the 
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direction and the amount of the deviation from the center. 

[0052] Hence, by detecting the light intensity of the pattern shown in FIG. 5 on both the right and left sides with respect 
to a center axis C and obtaining a difference therebetween, it is possible to obtain an amount of error in the scan posi- 
tion of the laser beam irradiated on the magneto-optical disk 2 with respect to the desired land 7 or groove 8. In other 
5 words, it is possible to obtain a tracking error signal from this difference. A tracking control is carried out based on the 
tracking error signal. 

[0053] FIG. 5 shows the pattern for a case where the laser beam emitted from the optical head 4 is irradiated perpen- 
dicularly with respect to the recording surface of the magneto-optical disk 2. If the laser beam emitted from the optical 
head 4 is irradiated at an incident angle other than 90 degrees with respect to the recording surface of the magneto- 
w optical disk 2, interferences of the 0th order light and the +1 st and -1 st order lights occur, thereby causing interference 
fringes in the pattern irradiated on the photodetector 27. 

[0054] FIG. 6 is a diagram showing an optical pattern on the photodetector for a case where the incident angle of the 
laser beam is not 90 degrees in the first embodiment. 

[0055] As shown in FIG. 6, when an optical axis of the laser beam irradiated on the recording surface of the magneto- 
75 optical disk 2 from the optical head 4 is incident at an angle other than 90 degrees, the interferences of the 0th order 
light and the +1st and -1st order lights occur, thereby causing the interference fringes in patterns of the +1st and -1st 
order lights of the laser beam irradiated on the photodetector 27. The interference fringes form a pattern having a period 
dependent on the angle formed between the optical axis of the laser beam emitted from the optical head 4 and the 
recording surface of the magneto-optical disk 2 which receives this laser beam. The interference fringes increase as 
20 this angle formed between the optical axis of the laser beam irradiated on the magneto-optical disk 2 and the recording 
surface of the magneto-optical disk 2 deviates more from 90 degrees. 

[0056] The light supplied to the photodetector 27 decreases when the interference fringes increase. Thus, it is possi- 
ble to recognize the extent of the interference fringes from the detection signals output from the photodetector 27. 
Therefore, it is possible to recognize the angle formed between the optical axis of the laser beam emitted from the opti- 
25 cal head 4 and the recording surface of the magneto-optical disk 2 which receives this laser beam, based on the detec- 
tion signals output from the photodetector 27. 

[0057] For example, according to the push-pull technique, a difference between the patterns on the right and the left 
is detected for the 0th order light and the +1st and -1st order lights irradiated on the magneto-optical disk 2 with the so- 
called ball-shaped patterns shown in FIGS. 5 and 6. In general, if an area of the regions where the 0th order light and 
30 the +1st and -1 st order lights overlap is denoted by S1 , an area of the region of only the 0th order light is denoted by 
SO. a moving quantity with respect to the track width is denoted by v, and the track pitch is denoted by T, a light intensity 
l R obtained at the right detector part of the photodetector 27 and a light intensity l L obtained at the left detector part of 
the photodetector 27 can respectively be described by the following formulas (1) and (2). 

35 l R =S0*EO 2 +S 1 -[E0+E1exp{i • <|>1+i • (2irv/T)}] 2 (1) 

=A+B • cos(<|>1+2tev/T) 

I L =A+B • cos(<f>1 -ZuvfT) (2) 

40 

[0058] When the objective lens 16 is inclined wfth respect to the magneto-optical disk 2, coma aberration is dominant 
in the beam spot formed on the magneto-optical disk 2. A coma aberration W(X, Y) in this case can be described by the 
following formula (3). 

45 W(X, Y) = p 3 -cose (3) 

[0059] In this case, the tracking error signal is obtained by adding the coma aberration component described by the 
formula (3) to the formulas (1) and (2), and the following formulas (4) and (5) stand. 

50 

Ir=A+B-cos( * l+0°-cos 0 +27TV/T) (4) 



55 



[0080] 



l L =A+B*cos(4>1+p 3 'COsG-2itv/T) (5) 
In this state, dark and bright portions of the interference fringes are generated in the respective ball-shaped 
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images. 

[0061] In general, the interference fringes generated in the ball-shaped images are generated under the conditions 
where angular components in the formulas (4) and (5) are as described by the following formulas (6) and (7). 

<t>l+ p'-cos 0+27Cv/T=27t -m (m=0. ±1, ±2.'...) 

--- (6) 



4>1+p 3 •cose-27cv/T=2tt * n (n=0, ±1, ±2, ...) . (7) 

[0082] The amplitude of the tracking error signal decreases by the generation of the interference fringes. 
[0063] Accordingly, when the tracking error signal is described by (Ir-IJ. il is possible to detect a relative inclination 
of the objective lens 16 and the magneto-optical disk 2 from a decrease in the tracking error signal amplitude, by obtain- 
ing the tracking error signal amplitude using the following formula (8). 

Tracking Error Signal Amplitude = (I R -l L )/(l R +l L ) (8) 

[0064] FIG. 7 is a diagram showing a objective lens tilt angle versus tracking error signal characteristic of the first 
embodiment. 

[0065] When an optical system is actually formed using an objective lens with a NA of 0.55 and wavelength of 680 
nm. and the recording surface of the magneto-optical disk 2 and the objective lens 16 are set parallel to each other, a 
tracking error signal having an amplitude corresponding to a voltage amplitude of 1000 mV is obtained as shown in FIG. 
7. 

[0066] On the other hand, when the objective lens 16 is inclined by 60 minutes, that is. 1 degree, with respect to the 
magneto-optical disk 2, a tracking error signal having an amplitude corresponding to a voltage amplitude of 600 mV is 
obtained as shown in FIG. 7. 

[0067] It is possible to carry out a satisfactory signal detection by controlling the inclination of the objective lens 16 so 
that the tracking error signal amplitude described by the formula (8) increases, that is. so that the tracking error signal 
having the amplitude corresponding to the voltage amplitude of 1000 mV is obtained. 

[0068] A description will now be given by referring back to the construction of the first embodiment shown in FIG. 1. 
[0069] In FIG. 1 , the tracking error signal obtained from the optical head 4 is used for the tracking control, and is also 
supplied to a tracking error signal (TES) amplitude detecting circuit 28. The tracking error signal amplitude detecting cir- 
cuit 28 obtains a normalized amplitude of the tracking error signal described by the formula (8), based on the signals 
which are obtained from the photodetector 27 of the optical head 4 and correspond to the light intensities l R and l L 
described by the formulas (4) and (5). 

[0070] A signal corresponding to the normalized amplitude obtained from the tracking error signal amplitude detecting 
circuit 28 is supplied to an operation circuit 29. The operation circuit 29 carries out a processing including a noise elim- 
ination process with respect to the signal obtained from the tracking error signal amplitude detecting circuit 28. 
[0071] The signal which is eliminated of the noise, that is, an error component, is supplied from the operation circuit 
29 to a signal hold circuit 30. The signal hold circuit 30 holds the signal received from the operation circuit 29. 
[0072] The signal held in the signal hold circuit 30 is supplied to a driving amplifier 31 . The driving amplifier 31 sub- 
jects the signal received from the signal hold circuit 30 to a D.C. amplification so as to obtain a driving voltage. 
[0073] The driving voltage from the driving amplifier 31 is supplied to a D.C. detecting circuit 33. The D.C. detecting 
circuit 33 generates a signal which is supplied to a tilt driving mechanism 34 based on the driving voltage. The tilt driving 
mechanism 34 is used in common for the focus control. The tilt driving mechanism 34 is driven in response to the driv- 
ing signal received from the D.C. detecting circuit 33. and controls the tilt, that is, the inclination, of the objective lens 16 
with respect to the magneto-optical disk 2. 

[0074] FIG. 8 is a plan view showing the tilt driving mechanism of this first embodiment. FIG. 9 is a side view showing 
the tilt driving mechanism of the first embodiment. In addition, FIG. 10 is a plan view showing an important part of the 
tilt driving mechanism of this first embodiment. 

[0075] In the tilt driving mechanism 34, the optical head 4 is guided by a pair of guide rails 35, and is coarsely driven 
in a radial direction A of the magneto-optical disk 2 by a carriage 36. A driving force for carrying out this coarse drive is 
obtained via a known magnetic circuit which is made up of carriage coils 37, magnets 38 and back yokes 39. 
[0076] The optical head 4 is coupled to the carriage 36 via a pair of support springs 46, and is supported in a state 
free to sway in directions A and B. 
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[0077] In the optical head 4, the objective lens 16 is finely driven in the radial direction A of the magneto-optical disk 
2 to carry out a tracking control with respect to a desired track on the magneto-optical disk 2. A driving force for carrying 
out this fine drive is obtained via a magnetic circuit made up of tracking coils 40 mounted on the optical head 4, magnets 
41 mounted on the carriage 36 and back yokes 42. 
• 5 [0078] The objective lens 16 is driven in the direction B which is perpendicular to the recording surface of the mag- 
neto-optical disk 2, in order to carry out the focus control of the laser beam irradiated with respect to the desired track 
on the magneto-optical disk 2. A driving force for carrying out this focus control is obtained via a magnetic circuit which 
is made up of focus coils 43 provided at a plurality of positions in the periphery of the objective lens 16 of the optical 
head 4. magnets 44 mounted on the carriage 36 and back yokes 45. 
io [0079] A plurality of driving signals which are generated in the D.C. detecting circuit 33 depending on the tracking error 
signal amplitude obtained based on the formula (6) are independently supplied to the focus coils of the magnetic circuit 
which is made up of the focus coils 43 provided at the plurality of positions in the periphery of the objective lens 16 of 
the optical head 4, the magnets 44 mounted on the carriage 36 and the back yokes 45. 

[0080] By supplying the driving signal independently to the focus coils 43, the objective lens 16 is controlled so that 

75 different positions on the periphery of the objective lens are moved by different amounts in the direction B which is per- 
pendicular to the recording surface of the magneto-optical disk 2. As a result, the objective lens 16 is driven and con- 
trolled so that the objective lens 1 6 becomes parallel to the recording surface of the magneto-optical disk 2. 
[0081] Accordingly, this first embodiment uses the characteristic that the detection signals output from the photode- 
tector 27 which detects the tracking error change due to the interference fringes which are generated by the relative 

so inclination of the magneto-optical disk 2 and the objective lens 16, and detects the relative inclination of the magneto- 
optical disk 2 and the objective lens 16 based on the detection signals output from the photodetector 27. Further, the 
driving signals are independently supplied to the known plurality of focus coils 43 which are arranged at the plurality of 
positions in the periphery of the objective lens 16, so as to control the inclination angle of the objective lens 16 by mov- 
ing the peripheral parts of the objective lens 16 by different amounts in the direction of the magneto-optical disk 2. As 

25 a result, it is possible to control the objective lens 16 and the magneto-optical disk 2 to become parallel to each other, 
without the need to provide a special means exclusively for such a control. For this reason, the weight of the optical 
head 4 will not increase, and it is unnecessary to sacrifice the response speed of the optical head 4 for the control of 
the relative inclination angle of the objective lens 16 and the magneto-optical disk 2. In addition, since it is possible to 
prevent the space occupied by the optical head 4 from increasing, it is possible to prevent the size of the optical infor- 

30 mation storage unit from increasing. 

[0082] Of course, the optical head 4 need not include all of the elements of the optical system shown in FIG. 4. 
[0083] In addition, although the present invention is applied to the magneto-optical disk unit in this embodiment, the 
recording medium is of course not limited to the magneto-optical disk, and the present invention is similarly applicable 
to any general optical recording mediums such as CD, CD-ROM and PD. 

35 [0084] Furthermore, this embodiment controls the inclination angle of the objective lens 16 with respect to the mag- 
neto-optical disk 2 by controlling the currents supplied to the plurality of focus coils 43, in order to control the relative 
angle between the objective lens 1 6 and the magneto-optical disk 2. However, it is of course possible to control the incli- 
nation angle of the magneto-optical disk 2 with respect to the objective lens 16. 

[0085] FIG. 1 1 is a system block diagram showing a second embodiment of the optical information storage unit 
40 according to the present invention. In FIG. 1 1, those parts which are the same as those corresponding parts in FIG. 1 
are designated by the same reference numerals, and a description thereof will be omitted. 

[0086] In this second embodiment, the object driven by the tilt driving mechanism is different from that of the first 
embodiment described above. 

[0087] In this second embodiment a tilt driving mechanism 100 controls the angle of the spindle motor 3 in response 
45 to a driving signal supplied from the D.C. detecting circuit 33. 

[0088] FIG. 12 is a plan view showing the tilt driving mechanism of the second embodiment of the optical information 
storage unit In FIG. 12, those parts which are the same as those corresponding parts in FIG. 8 are designated by the 
same reference numerals, and a description thereof will be omitted. 

[0089] In this second embodiment, the tilt driving mechanism 100 has a piezoelectric element 101 located at a posi- 
so tion shifted in the direction A from the shaft 3a of the spindle motor 3. The piezoelectric element 101 is displaced in an 
axial direction of the shaft 3a of the spindle motor 3 in response to a signal from the D.C. detecting circuit 33, so as to 
control the inclination of the recording surface of the magneto-optical disk 2. 

[0090] According to this embodiment, it is possible to control and maintain the objective lens 16 and the magneto- 
optical disk 2 parallel to each other, by controlling the inclination of the recording surface of the magneto-optical disk 2 
55 by the tilt driving mechanism 100. In this case, the construction of the optical head 4 may be the same as the conven- 
tional optical head, similarly as in the case of the first embodiment described above. Hence, this embodiment can also 
obtain effects similar to those obtainable in the f irst embodiment. 

[0091] The first and second embodiments detect and control the relative inclination of the objective lens 16 and the 
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magneto-optical disk 2 in the radial direction of the magneto-optical disk Z However, it is of course possible to similarly 
control the relative inclination in a circumferential direction of the magneto-optical disk 2. 

[0092] ff the magneto-optical disk 2 tilts in the circumferential direction thereof in FIGS. 5 and 6. the patterns shown 
in FIGS. 5 and 6 become asymmetrical in the direction of the track. In this case, instead of using a 2-part detector for 
the photodetector 27, a 4-part detector may be used so as to obtain a difference of the detection signals from the pho- 
todetector 27 in the direction of the track with respect to the patterns shown in FIGS. 5 and 6. 

[0093] Further, in this case, it is possible to control the objective lens 16 using the optical head 4 having the same 
construction as the conventional optical head 4 shown in FIGS. 8 through 10 used in the first embodiment This is 
because the objective lens 16 tilts in directions D1 and D2 by independently controlling the signals supplied to the focus 
coils 43 of the optical head 4. thereby making it possible to not only control the inclination in the direction A but also the 
inclination in the direction E. 

[0094] On the other hand, in the second embodiment which controls the inclination of the spindle motor 3, it is possible 
to provide a piezoelectric element 102 on the shaft 3a of the spindle motor 3 in addition to the piezoelectric element 
1 01 , as indicated by a phantom line in FIG. 12. This piezoelectric element 102 can be displaced in a direction F perpen- 
dicular to the direction A. 

[0095] Therefore, the jitter in the circumferential direction of the magneto-optical disk 2 can be improved by the above 
described measures. 

[0096] Further, the present invention is not limited to these embodiments, but various variations and modifications 
may be made without departing from the scope of the present invention. 

Claims 

1. An optical information storage unit comprising a light source emitting a light, an objective lens imaging the light 
emitted from said light source on a recording medium, a servo detecting means for detecting a servo detection sig- 
nal based on a reflected light from the recording medium, and a servo control means for controlling an imaging 
position of the light on the recording medium based on the servo detection signal, characterized by: 

an inclination control means for controlling a relative inclination of the recording medium and the objective lens, 
by controlling said servo control means based on the servo detection signal detected by said servo detecting 
means. 

2. The optical information storage unit as claimed in claim 1 , characterized in that said inclination control means con- 
trols the relative inclination of the recording medium and the objective lens based on the servo detection signal 
detected by said servo detecting means so that an amplitude of the servo detection signal becomes a maximum. 

3. The optical information storage unit as claimed in claim 1 or 2, characterized in that said inclination control means 
controls the relative inclination of the recording medium and the objective lens depending on a normalized ampli- 
tude of the servo detection signal detected by said servo detecting means. 

4. The optical information storage unit as claimed in any of claims 1 to 3, characterized in that said inclination control 
means controls the relative inclination of the recording medium and the objective lens depending on a normalized 
jitter quantity of the recording medium by detecting and normalizing a jitter quantity of the recording medium, based 
on the servo detection signal detected by said servo detecting means. 

5. The optical information storage unit as claimed in any of claims 1 to 4, characterized in that said inclination control 
means controls a focus direction of the objective lens, a direction of a track formed on the recording medium, and 
an inclination of the recording medium in a radial direction of the recording medium, based on the servo detection 
signal detected by said servo detecting means. 

6. The optical information storage unit as claimed in any of claims 1 to 5, characterized in that: 

said servo control means includes a plurality of driving means for driving ends of the objective lens in a direc- 
tion of the recording medium, and 

said inclination control means controls the relative inclination of the recording medium and the objective lens 
by independently driving said plurality of driving means. 

7. The optical information storage unit as claimed in any of claims 1 to 6, characterized in that said inclination control 
means controls the relative inclination of the recording medium and the objective lens by controlling an inclination 
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of the objective lens. 

8. An optica) information storage unit comprising a light source emitting a light, an objective lens imaging the light 
emitted from said light source on a recording medium, a servo detecting means for detecting a servo detection sig- 
nal based on a reflected light from the recording medium, a servo control means for controlling an imaging position 
of the light on the recording medium based on the servo detection signal, and a rotating means for rotating the 
recording medium, characterized by: 

an inclination control means for controlling a relative inclination of the recording medium and the objective lens, 
by controlling an inclination of said rotating means based on the servo detection signal detected by said servo 
detecting means. 

9. The optical information storage unit as claimed in claim 8, characterized in that said inclination control means con- 
trols the relative inclination of the recording medium and the objective lens based on the servo detection signal 
detected by said servo detecting means so that an amplitude of the servo detection signal becomes a maximum. 

10. The optical information storage unit as claimed in daim 8 or 9, characterized in that said inclination control means 
controls the relative inclination of the recording medium and the objective lens depending on a normalized ampli- 
tude of the servo detection signal detected by said servo detecting means. 

11. The optical information storage unit as claimed in any of claims 8 to 10, characterized in that said inclination control 
means controls the relative inclination of the recording medium and the objective lens depending on a normalized 
jitter quantity of the recording medium by detecting and normalizing a jitter quantity of the recording medium, based 
on the servo detection signal detected by said servo detecting means. 

12. The optical information storage unit as claimed in any of claims 8 to 11 , characterized in that said inclination control 
means controls a focus direction of the objective lens, a direction of a track formed on the recording medium, and 
an inclination of the recording medium in a radial direction of the recording medium, based on the servo detection 
signal detected by said servo detecting means. 
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(54) Optical information storage unit 

(57) An optical information storage unit includes a 
light source emitting a light, an objective lens imaging 
the light emitted from the light source on a recording 
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detection signal based on a reflected light from the 
recording medium, and a servo control part for control- 
ling an imaging position of the light on the recording 



medium based on the servo detection signal; The opti- 
cal information storage unit further includes an inclina- 
tion control part for controlling a relative inclination of 
the recording medium and the objective lens, by control- 
ling the servo control part based on the servo detection 
signal detected by the servo detecting part. 
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